Single-photon emission computed tomography with thallium-201-labeled diethyldithiocarbamate was performed in 26 consecutive patients <24 hours after a supratentorial brain infarction. Computed tomography excluded other relevant pathology. Two observers assessed the initial regional cerebral blood flow deficit using a semiquantitative visual method. The size of the initial flow deficit correlated negatively with the Barthel Index score (performance of the activities of daily living) after 6 months but not with the motricity index score (a measure of severity of the hemiparesis) after 6 months. The initial flow deficit was strongly correlated with early death from tentorial herniation; all five patients with the largest initial flow deficits died <6 days after the stroke, but among the 21 patients with smaller initial flow deficits only one died early (p=0.00018, Fisher's exact two-tailed test). Although depressed level of consciousness, conjugate gaze deviation, and severe hemiparesis were more prevalent in the group of six patients who died early, the differences in prevalence between this group and the 20 patients who survived were not significant. Single-photon emission computed tomography is a relatively simple method to semiquantitatively measure a blood flow disturbance immediately after its occurrence. The magnitude of this blood flow disturbance is strongly related to early death from tentorial herniation. Because of these properties, single-photon emission computed tomography to measure regional cerebral blood flow can be of great use in acute stroke research. (Stroke 1990;21:1150-1155)
Single-Photon Emission
E arly assessment of patient characteristics that predict outcome after acute ischemic stroke is essential in therapeutic trials and may be useful in clinical practice. To a certain degree the clinical signs during the initial stage predict early mortality, functional outcome, and long-term prognosis.
Oxbury et al 1 demonstrated a strong correlation between death from tentorial herniation and the patient characteristics of depressed level of consciousness, conjugate gaze deviation, and severe hemiparesis during the initial stage. The combination of these signs was especially predictive of early death. Additional information from computed tomograms (CT scans) 2 only marginally improved prognostic accuracy. 3 Since changes in regional cerebral blood flow (rCBF) reflect focal ischemia immediately, rCBF measured during an early stage may predict the severity of eventual brain damage.
The purpose of our study was to evaluate the clinical prognostic significance of rCBF measured using singlephoton emission computed tomography (SPECT) in patients with acute supratentorial brain infarction.
Subjects and Methods
We entered consecutive patients admitted to our hospital between April 1,1986 , and December 1,1987, with acute supratentorial cortical brain ischemia into the study. We included patients with stable or progressing signs of focal cerebral ischemia with at least hemiparesis, age of > 18 years, and hospital admission and intravenous injection of the radiopharmaceutical <24 hours after stroke onset. We excluded patients with disabling previous stroke, with other serious or disabling chronic disorders, or with one of the classic lacunar syndromes. indication. The CT scans were examined by one observer blinded to the SPECT results, but with clinical information.
SPECT was performed with a rotating gamma camera (Omega 500, Technicare, Somerville, N.J.) 10 minutes or the morning after the intravenous injection of 110-150 MBq of thallium-201-labeled diethyldithiocarbamate ([   &1   T1 ]DDC). 5 After attenuation correction, hard copies with fixed thresholds were obtained for analysis. To measure the rCBF deficits, in each SPECT examination all axial slices containing the lesion were divided into 12 equal radial sections ( Figure 1 ). Sections not containing the lesion were by definition scored as 0 (see below). Activity in each section was compared with that in the contralateral section and scored as Owhen there was no right-left difference, as 1 when there was a small difference, as 2 when there was a marked difference, and as 3 when there was a complete lack of activity. The sum of the scores of six pairs of radial sections in all axial slices of a SPECT examination indicated both the size and the intensity of the lesion. All slices were scored independently by two observers blinded to the patient's clinical and CT results. Three SPECT examinations with controversial results were discussed and reassessed by the two blinded observers together. The final lesion size was the mean of the results of the two observers or the mean of the results of the two observers and the joint reassessment.
We followed the patients at regular intervals. The date and cause of death were documented. To assess Level of consciousness as score on eyes (E) and motor (M) components of Glasgow Coma Scale (because of aphasia in several patients, score on verbal component was not used); hemiparesis as score on motricity index (MI) (100, normal strength; 0, total absence of muscle activity).
the patients' status at 6 months we used the Rankin Scale 6 as a measure of overall disability, the motricity index 7 (MI) as a measure of severity of the hemiparesis, and the Barthel Index 8 (BI) as a measure of performance of the activities of daily living. Poor outcome was defined as a score on the Rankin Scale of > 3 or death.
The study was approved by the hospital ethical committee. Informed consent was obtained from all patients or their nearest relatives.
We compared the results of rCBF deficit measurement for the two independent observers using Spearman's rank order correlation coefficient (p). 9 Using the same analysis, we correlated the size of the initial rCBF deficit with MI score and BI score for the patients who survived for 6 months. After grouping all patients by the size of the initial rCBF deficit, we compared early (<6 days after the stroke) mortality in the groups with large and small deficits using Fisher's exact two-tailed test. 9 Using the same test, we also compared the prevalence of depressed level of consciousness, conjugate gaze deviation, and severe hemiparesis individually and in combination in all patients grouped by early survival.
Results
We entered 26 patients into the study. Their clinical characteristics at entry are presented in Table TABLE 2 Final CT diagnosis 'Quality of SPECT too poor for exact assessment. tUnrelated death.
1. The results of SPECT at admission and CT scans are summarized in Table 2 . Six patients (5, 6, 7, 14, 20 , and 25) died early. These patients demonstrated progressive neurologic deterioration with depression of the levels of consciousness, coma, and loss of brain stem reflexes, presumably caused by tentorial herniation. In none was there clinical evidence of other causes of death. CT scans in these six patients eventually showed large hypodense lesions with severe midline shift. Autopsy performed in patients 6 and 14 confirmed the clinical diagnosis of tentorial herniation. In both patients the internal carotid artery was occluded. Two other patients died, one (patient 17) of a new brain stem infarction 9 weeks after the stroke and the other (patient 22) of myocardial infarction 6 weeks after the stroke.
In all except patient 17, the relevant lesion was demonstrated by either the admission or repeat CT. In patient 17 the final anatomic diagnosis of cortical infarction was made on clinical grounds together with the SPECT information. In patient 19 a secondary hemorrhagic change, unaccompanied by clinical deterioration, was demonstrated on the CT scan 2 weeks after the stroke. In patients 4, 11, and 15 the initial clinical diagnosis of cortical infarction was wrong; sequential CT demonstrated new lacunar lesions, at appropriate sites, of diameters <1.5 cm. All three patients had combined motor and sensory deficits. In patients 11 and 15 the rCBF deficits clearly extended over areas larger than the lacunes but were not very intense.
Median interval from stroke onset to SPECT in all 26 patients was 11.75 (range 1.5-24) hours; among the six patients who died early the median was 13 (range 6.5-22.5) hours ( Table 2 ). The results of the two independent observers yielded a p of 0.99 (/><0.01) and the median absolute disagreement 10 was 5 points (range 0-17, interquartile range 2.5-9), which indicate low interobserver variation. The larg- est rCBF deficit measured was 85 arbitrary units, the smallest 3 ( Table 2 ). In patient 4 SPECT was of insufficient quality for exact analysis, but it excluded a sizable lesion. Eleven patients (1, 5, 6, 7, 12, 14, 17, 20, 22 ,24, and 25) had a poor outcome (Table 2) . Median MI score among the 18 survivors was 69 (range 0-100, interquartile range 54-87), and median BI score was 95 (range 0-100, interquartile range 85-100) ( Table 2 ). There was no significant correlation between the initial rCBF deficit and the MI score in the 18 survivors (p=0.31,/>>0.10), but the size of the initial rCBF deficit correlated negatively with the BI score (p= -0.49,^=0.05). Figure 2 shows the relation between initial rCBF deficit for the 25 patients with measured deficits and outcome and survival. The five patients with the largest rCBF deficits died early of tentorial herniation. Two more patients had initial rCBF deficits of 48; one (patient 14) died early and the other (patient 1) survived but was in a dependent state in a nursing home at 6 months. The 18 patients with rCBF deficits smaller than 48 units and the patient with an unquantified (but small) rCBF deficit all survived the first weeks. Two died later of causes not directly related to the initial stroke (see above), and the remaining 17 patients survived the first 6 months. The difference in early mortality between the groups with large and small initial rCBF deficits is significant (p=0.00018, Fisher's exact two-tailed test).
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The distributions of important clinical predictors of early death among the 26 patients grouped by early survival are indicated in Table 3 . Although depressed level of consciousness, conjugate gaze deviation, and severe hemiparesis were more common among the six patients who died early, the differences in prevalence between groups were not significant. The combination of these three clinical predictors of adverse outcome also did not differ significantly between groups.
Discussion
We found that a substantial initial rCBF deficit, measured with SPECT <24 hours after stroke onset, correlates strongly with early death from tentorial herniation. The size of the rCBF deficit correlated negatively with BI score but not with MI score after 6 months. rCBF, regional cerebral blood flow; level of consciousness as score on eyes (E) and motor (M) components of Glasgow Coma Scale; gaze deviation as either gaze palsy or gaze preference. *t^=0.37,0.33,0.35, respectively, different from distribution in died early group by Fisher's exact two-tailed test.
Single Our semiquantitative analysis of the SPECT results was satisfactory; the results showed pathophysiologically sound correlations. Furthermore, 15 of the 26 SPECT examinations (including those of four patients who died early) could be analyzed with a computer program (measuring counts per radial section), and the strong relation between lesion size and early death was confirmed. 11 In practice, large rCBF deficits could easily be recognized by visual inspection, without semiquantification. Large rCBF deficits were characterized by an almost complete lack of blood flow in the middle cerebral artery (MCA) territory. Fifteen of 19 patients with at least a trace of activity within the MCA territory, indicating some remaining blood flow, had good outcome, and none of these 19 patients died early (Figure 3) . [^'TIJDDC is a suitable radiopharmaceutical for rCBF imaging. 5 The possibility of postponed imaging and the low costs of [ 2O1 T1]DDC are clear advantages over technetium-99m-labeled hexamethylpropyleneamine oxime, the imaging qualities of which, however, are superior. Our patients did not differ from the general stroke population with respect to age, but our patients might have been more severely affected neurologically. Their overall outcome is remarkably similar to that which is known about the natural history of this disease. 12 Our patients were included in a pilot trial of the calcium-entry-blocking agent flunarizine. 13 The experimental treatment was always started after injection of the radiopharmaceutical to preclude any effect on the measurement of initial rCBF deficit. Outcome was also not affected by flunarizine treatment; no significant differences between patients receiving placebo and those receiving flunarizine were found. Two of the five patients with large rCBF deficits and 10 of the remaining 21 patients had been randomly assigned to treatment with flunarizine.
The issue of rCBF changes in patients with ischemic stroke has been addressed in several studies, and in some studies a clinical correlation was made. Using [ 18 F]fluorodeoxyglucose and positron emission tomography, Kushner et al 14 studied 36 patients with acute cerebral ischemia. The size of the metabolic disturbance was related to the patient's initial neurologic status and eventual recovery; patients with the largest lesions had the poorest outcomes, but the correlation was not strong. Of their 36 patients (33 with hemispheric lesions), only two were examined <48 hours after stroke onset, so patients dying early may have been missed in that series. Lee et al 15 found that lesion size and intensity as measured with [ 123 I]iodoamphetamine rCBF SPECT were correlated with the clinical syndrome at the time of measurement but not with the clinical outcome; no patient was examined <24 hours after the stroke, and outcome was not measured consistently at set intervals with predefined scales. Our observations, however, confirm the relation between clinical status and size of the rCBF deficit found in these two studies.
Why is rCBF a better predictor of the early course than other well-known clinical parameters? The most likely explanation is that a depressed level of consciousness, which is perhaps the strongest predictor of outcome, usually needs time to develop, before sufficient midline or rostrocaudal shift has taken place. Severe hemiparesis or a marked gaze abnormality immediately after the stroke may also be caused by smaller, strategically located lesions. Therefore, during the earliest period after stroke onset the size of the rCBF deficit correlates better with the extent of ischemic brain damage than do the clinical predictors. Why is the early rCBF deficit correlated with BI score but not with MI score at 6 months? Again, severe hemiparesis may be caused by a small but strategically located lesion, whereas for satisfactory functioning in the activities of daily living a higher level of integration of various motor, sensory, and cognitive functions is necessary. Therefore, a large rCBF deficit leading to only minor motor by guest on August 26, 2017 http://stroke.ahajournals.org/ Downloaded from impairment might also lead to damage in other integrative functions, hampering good overall functioning in the activities of daily living.
Before large trials prove the effectiveness of therapeutic interventions (e.g., thrombolysis) in patients with acute brain ischemia, smaller studies are needed to establish the safety and efficacy of the interventions. Assessment of rCBF deficits allows early recognition of patients at high risk of dying from tentorial herniation, which enables natural history to be distinguished from possible therapeutic complications. 16 Presently rCBF SPECT analysis of the effects of acute stroke therapy with tissue plasminogen activator is under study.
